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CHAPTER I 
INTRODUCTION 
The movement aftereffects of everyday life can be observed in a 
number of situations. If one stares for a time at a waterfall, then looks 
away, whatever one looks at will appear to move up. If one stares out 
of a train window, and then fixes one 1 s gaze inside the train, whatever 
one then looks at will appear to move in the opposite direction. 
This effect was noted by Aristotle (1902), and interest in it was 
rekindled by Purkinje (1825). It was systematically studied in a long series 
of related experiments by Wohlgemuth (19ll). Two broad groups of theories 
have been constructed to explain it: (l) theories which deal specifically 
with movement aftereffect phenomena, and (2) theories which were origin-
ally intended to explain static phenomena, such as figural aftereffect 
phenomena (in which the stimulus does not move), but which later were 
extended and generalized to cover movement aftereffects as well. Wohl-
gemuth is an important theorist in the first category; and Kohler and Wallach 
(1944) Spitz (1958), and Osgood and Heyer (1952) are important theorists 
in the second category. Much of the recently revived interest in the move-
ment aftereffect is due to the fact that a specific type of movement after-
effect, called the spiral aftereffect, has been used as an attempt to detect 
organic brain damage. 
In the spiral aftereffect experience the subject views a rotating 
spiral which appears either to contract or to expand depending on the 
1 
direction of rotation 0 This rotating spiral is referred to as the inspection 
figure 0 A different stimulus, referred to as the test stimulus, is then 
presented, and the subject projects the aftereffect on this stimulus o If 
the inspection figure appeared to ex pand, the aftereffect will be an exper-
ience of contraction (or of the stimulus receding from the subject); if the 
inspection figure appeared to contract, the aftereffect will be an exper-
ience of expansion (or of the stimulus moving toward the subject) o The 
inspection experience is three dimensional: there is a vortex in the case 
of a contraction experience, and a cone with the vertex between the base 
and the subject in the case of the expansion experience 0 
In one study using the spiral aftereffect, Singer (19 59) demon-
strated a relationship between the independent variable of speed of rota-
tion, and magnitude and duration of aftereffect 0 The results were inter-
preted in terms of a statistical satiation and recovery theory and in terms 
of rate of firing of individual retinal elements 0 The present study has 
been intended to clarify further the meaning of Singer•s results 0 Changes 
in speed of rotation bring about simultaneously (1) changes in the rate of 
stimulation of individual retinal elements, and (2) changes in the time 
interval between the stimulation of retinal elements which lie close to-
gether 0 Therefore several interpretations of her results were possible 0 It 
was possible that her results were brought about by changes in (1) fre-
quency alone, (2) length of interval alone, or (3) both of these together 0 
Singer• s own interpretation was that frequency was the sole determinant 
2 
of the results. 
A prediction can be derived from a theoretical model developed 
from W ohlegemuth (1911) which is at variance with the Singer interpre-
tation. The prediction is that varying time interval will result in varia-
tions in aftereffect, but that aftereffect will be invariant with respect 
to the variable of frequency of firing of individual retinal elements. 
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CHAPTER II 
HISTORY OF THE MOVEMENT AFTEREFFECT 
The movement aftereffect was commented on by Aristotle, who said: 
Also, the senses are affected in this way when they 
turn quickly from objects in motion, §_.£., from looking at a 
river and especially from looking at swiftly flowing streams. 
For objects at rest then seem to be in motion, (1902, p. 236). 
Purkinje (1825) noticed the phenomenon after he had been watching 
a cavalry procession pass by for a considerable time. His observation was 
that the houses appeared to move in the direction opposite to that in which 
the parade had gone. His explanation was that the eye becomes habituated 
to that sweeping motion which maintains fixation upon an individual horse 
and rider . Later, even though the parade has passed by, the eye of the 
observer continues its customary motion. As a result the image of the sta-
tionary houses moves upon the retina . The result is a movement aftereffect 
in a direction opposite to that of the parade. 
Boring notes that Erasmus Darwin commented upon the phenomenon 
in 180 l. 
He told how on spinning around one sees the environs 
rotating in an opposite direction, slowing up, and then 1 if 
actual rotation is stopped 1 appearing to revolve in the oppo-. 
site direction. Apparent negative after-rotation thus became 
a matter of record (1942 1 p. 535). 
Plateau (1850) brought this phenomenon into the experimental labor-
atory and studied it by means of the spiral that now bears his name. He 
noticed that rotation of a spiral produc~d an impression or expansion or 
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contraction depending on the direction of the rotation. He also noticed 
that if he fixated the contracting spiral for some time and then shifted 
his regard to a friend's face, the face would appear to ex pand; and if he 
used an expanding spiral, the face would apparently contract. 
Wohlgemuth conducted a series of experiments and came to the 
following conclusions . 
1. It is far more difficult to discover the aftereffect in the 
subjective fie ld of vision than in the objective; in other 
words, the aftereffect is more easily discovered if the 
field of vision is filled. 
2. The aftereffect a dds itself to an objective movement. 
3 . The aftereffect is produced both with light and dark 
adapted eyes; or in other words, rods as well as cones 
are receptive to the aftereffect. 
4. The duration of the aftereffect diminishes as we move 
from the centre towards the periphery. 
5. Movement in s mall areas (subtended by an angle of l') 
produces an aftere ffect. 
6. If the movements in small areas such as are subtended 
by an angle of at least 1', are in opposite direction 
and the areas close together, the aftereffects do not 
neutralize one another; both exist together ..... . 
7. The duration, etc. , of the aftereffect rapidly decreases 
on successive stimulations of alternating opposite sign, 
.!._.~., fatigue is set up. 
8 . After fatigue has been produced by a long series of 
movements alternating in sign (so that the aftereffect 
is greatly reduced), the aftereffect of movements at 
right angles to the directions of the previous ones is 
only very slightly affected, it at all (1911, p. lll-ll3) . 
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There is some question over whether or not a moving stimulus fill-
ing the entire visual field could produce an aftereffect. Thalman (19 21) 
stated that an aftereffect can be produced if a rotating cylinder is placed 
over an observer's head. Nausea tends to develop quickly, however, and 
the entire procedure is very uncomfortable for the observer. Contradictory 
results come from Holland (1957) who used the fixation point as a para-
meter, and from Cohen (1961). 
Granit (1928) noted that the duration of a movement aftereffect is 
a function of the velocity of the stimulus. He felt that it must be retinal 
velocity of the image, as opposed to the velocity of the distal stimulus, 
which is the crucial variable. Now when the same moving stimulus is 
presented at varying distances from the subject, the retinal velocity varies 
in inverse proportion to the distance. Granit therefore predicted that dura-
tion of aftereffect would vary in inverse proportion to distance between 
subject and stimulus. Actual experiment proved the reverse to be true: 
in fact, the duration of aftereffect increases monotonically with increasing 
distance. Granit attempted to explain this paradox as follows. When the 
same stimulus is presented at varying distances from the subject, the 
visual angle varies in inverse proportion to the distance. Therefore, when 
the stimulus is close to the subject , re latively more rods are stimulated 
than is the case when the stimulus is far from the subject. Granit there-
fore made the hypothesis that the rods exert an inhibitory influence on 
the perception of aftereffect. 
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1. History of Theories of Movement Aftereffect 
George (1953) remarks that the study of aftereffect s in general may 
lead to increasingly useful models of cortical ares #17, and that this, in 
turn, will lead to increasingly more usefu l models of the entire cortex . 
There are two major historical concerns leading to theories of the 
movement aftereffect. One of these concerns is related specifically to 
movement phenomena, and does not treat of static events. Experiments 
involving waterfall effects or the spiral aftereffect constitute examples of 
this. The other concern begins with s tatic stimuli and later becomes gen-
eralized to explain movement phenomena as well. 
A . Theories with Historical Roots in Movement Phenomena 
Many of the early attempt s to explain the movement aftereffect 
were based in whole or in part o n eye movement s, ~.g., Purkinje's (1825) 
theory, explained above. But the whole class of ey e movement theories 
in general is open to attack from many quarters. For example , as Bowditch 
and Hall (1882) pointed out, eye movement theo ries do not explain the 
spiral aftereffect, for the eye would have to move in all directions simul-
taneously. Another attack on the eye movement theory ca me from Guilford 
and Helson (1929) who showed, by means of photographing eye movements, 
that ey e movements cannot account for apparent mot ion. Their results a re 
that gross eye movements fail to produce more apparent mot ion than quite 
small e ye movements . 
Thompson (1880) was a n a.dherent of a contrast theory. He be-
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lieved that the eye becomes adapted to re petitive motion, and that after 
this adaptation has occurred, stationary objects seem to be moving by 
contrast. 
B. Theories with Historical Roots in Static Stimuli Phenomena 
Kohler and Wallach (1944) evolved an elaborate theory based on the 
central construct of satiation of neural tissue to explain static aftereffects 
(usually referred to as figural aftereffects). The stimuli which give rise to 
these effects are not in motion. This theory can explain the figural after-
effect phenomena well, but there is some disparity between its assumptions 
and the facts of central nervous system function. It assumes, for example, 
that a portion of the central nervous system is a quasi-homogeneous volume 
conductor of current, l·~·, that currents can be conducted in any arbitrary 
direction, rather than only along regular neural pathways. The basic tenet 
is one of isomorphism, which doctrine is attacked by Lashley, Chow, and 
Semmes (19 51). They demonstrated that conducting metals could be implanted 
in the cortex without loss in perceptual function. 
Spitz (1958) extended the Kohler-Wallach theory to explain the spiral 
aftereffect, which is, of course, a movement aftereffect, not a static after-
effect. The extension of this theory means that a whole new class of 
phenomena is covered. Spitz assumes that a moving stimulus leaves a 
"trail" of satiation behind it, and that the amount of satiation decreases 
monotonically with length of time since stimulation of a given area. The 
presence of differential satiation will cause stationary stimuli to appear to 
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be in motion. Deutsch (1959) attacks the Spitz formulation stating that it 
predicts movement aftereffect in a direction opposite to the obtained dir-
ection. 
A different approach to the problem of the explanation of static 
aftereffects began with Marshall and Talbot (1942) 1 who formulated a gen-
eral statistical theory of visual perception I using physiological nystagmus 
as an important construct. Using the Marshall-Talbot theory as a start-
ing point Osgood and Heyer (1952) developed a statistical theory of static 
aftereffects 1 which they claimed gave an adequate explanation of the facts 
without invoking assumptions dissonant with the facts of central nervous 
system function. Gardner (1960) points out that the Osgood-Heyer theory 
generates in the main the very same predictions as the Kohler-Wallach 
theory 1 despite their different assumptions. Deutsch (1959) attacks the 
Osgood-Heyer theory 1 stating that I in its present form 1 it generates some 
questionable predictions. 
2. Clinical Applications 
Freeman and Josey (1949) noted that the spiral aftereffect is a use-
ful instrument for the detection of "memory impairment". They stated that 
subjects who were judged by trained observers to be suffering from a 
memory impairment tended to be unable to perceive the spiral aftereffect. 
Standlee (1953) criticized this formulation for he failed to find a relation 
between memory impairment as measured by an objective test and the spiral 
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aftereffect. Price and Deabler (1955) then stated that it was not memory 
impairment, but rather organic brain damage, which was relevant here. 
They concluded on the basis of their experimental work that the spiral after-
effect is a good test for organic brain da mage, and reported a particularly 
low percentage of false positives. They made re commendations for the op-
timal cutting score. Gallese (1956) supported Price and Deabler, stating 
that the spiral aftereffect is a useful instrument for the detection of organic 
brain damage. He added that there are important distinctions within the 
broad category "organic", and he classified his organic pat ient s int o t wo 
categories, "A" and "B". Category "B" was composed of convulsive 
(idiopathic) and alcoholic patients, and category "A" included all the rest. 
Gallese reported that the spiral aftereffect is a useful diagnostic instru-
ment for category "A", but not for category "B" (too many false negatives). 
Gilberstadt, Schein, and Rosen (1958) considered the base rate 
problem, which had been enunciated by Meehl and Rosen (1955), in their 
testing. In certain populations they found that the percentage of corre ct 
diagnoses made by the spiral aftereffect was hardly better than, or actually 
inferior to, the percentage of correct diagnoses made on the basis of the 
base rates alone. They also note that it is important to distinguish in 
particular between two populations: the psy chiatric population (!._ • .§.., pa-
tients referred by the psychiatric c linic), and the neurological population 
(i . .§.., patients referred by the neurological clinic), because these two 
populations have differe nt base rates. 
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The validity of some spiral aftereffect studies has been attacked 
by Goldberg and Smith (1958) because of failure to control for age, which 
they contend is a relevant variable. However, Gallese (19 56) states that 
age is not a relevant variable. 
London and Bryan (1958) suggest that the essential difference be-
tween organic s and non-organics in the spiral aftereffect may be in re-
action to the instructions, rather than in response to the stimulus. 
This review of the literature so far indicates that there is some 
controver s y over the diagnostic va lue of the spiral aftereffect. It is pos-
sible to raise two questions in this regard. First, has the spiral as so 
far used been a useful instrument? Second, can the spiral aftereffect test 
be improved, so as to provide better differentiation between organic and 
non-organic subject s? 
Examination of the way in which the spiral has been used diag-
nostically in the past sugges ts possible roads to improvement. On the 
response side the subject is generally instructed to answer dichotomously, 
_! . .§_., with either a "yes" or "no", to indicate either that he ha s seen the 
effect or not. (There is frequently some non-directive questioning by the 
examiner, but this does not change the fundamental dichotomous nature 
of the re ply.) On the stimulus side all subjects are generally presented 
with the same stimulus at all times. Now the foregoing is not the only 
possible way to present the spiral test . Instead of allowing the subject 
the choice of but two replie s ("yes" or "no") the examiner could allow 
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the subject a large number of replies. This could be done by allowing the 
subject to respond non-verbally in such a way as to communicate the mag-
nitude 1 duration 1 or rate of aftereffect perceived. 
On the stimulus side 1 as has been seen I it has been customary to 
present all subjects with the same spiral at all times. This too is not the 
only possible way to present the spiral test. It would be possible to pre-
sent one or all subjects with a range of spirals which vary along some 
relevant dimension (.§..~· 1 spirals with different numbers of arms I or spirals 
with varying number of turns in each arm). It would also be possible to 
present the same spiral in different ways (.§_.~. 1 vary the speed of rotation). 
Still another possibility would be to vary I not the s piral 1 but the test field 
upon which the aftereffect is projected (for example 1 a test field composed 
of finer or coarser "grains'") . 
The knowledgeable use of such techniques as these would require 
normative information. One would certainly wish to know the relationship 
in normals between the stimulus parameters and the non-verbal response. 
Researchers are now turning their attention in the direction of obtaining just 
such knowledge. 
Examples of research along these lines are the following. Singer 
(19 59) investigated the relationship between speed of rotation and magnitude 
and duration of aftereffect. She found a curvilinear relationship: with in-
creasing speed of rotation there was a rapid increase in the magnitude and 
duration followed by a slow decrease. Cann (1961) investigated the effects 
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of varying the graininess of the test field I finding that rate of aftereffect 
increased monotonically with decreasing size of grains. Cohen (1961) 
found more aftereffect if the stimulus is presented in the lower half of the 
visual field than if it is presented in the upper half of the visual field. 
Despite the progress which has been made in mapping the para-
meters of the spiral aftereffect 1 much remains to be done. Many of the 
parameters of the spiral aftereffect have not yet been systematically 
studied. 
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CHAPTER III 
THEORETICAL CONSIDERATIONS 
As has been seen, there are several models purporting to explain 
aftereffect phenomena. For the purposes of this study a model derived 
from Wohlgemuth (19ll) has been used. The reasons for the use of this 
particular model are as follows. The model seems useful in the present 
study because of its generality (it explains a number of the properties of 
movement aftereffects) , because it seems well suited to an elucidation 
and clarification of the meaning of Singer's (1959) results, and because 
it has been spelled out in some detail. There are many otherwise ade-
quate theories of movement aftereffect which founder on the explanation 
of the spiral aftereffect (for example, eye movement theories generally}, 
but the model used herein does not. However, the model is not limited 
to spiral aftereffects; they merely constitute an important special case. 
The postulates of the model are as follows. 
1. These postulates will deal with two types of elements: (a) 
rheostat elements, which function as variable resistors, and (b) firing 
elements, which emit impulses. The firing elements fall into three 
classes, which will be referred to as "R" (retinal element), or as "B" or 
"C", and the rheostat elements will be referred to as "X", "Y", or "Z" 
(depending on their relative position in the transmission chain, as seen 
in Figure 1) . 
2. Excitation flows from the retinal elements R to B, and then 
to c1 and Cz. 
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THEORETICAL MODEL TO EXPLAIN 
MOVEMENT AFTEREFFECT PHENOMENA 
ARROWS INDICATE DIRECTION 
OF FLOW OF EXCITATION 
FIGURE I 
3. The firing of an element is caused by a certain degree of 
stimulation. 
4. After prolonged firing 1 the firing elements become "fatigued" 1 
and begin to fire at a lower rate 1 even though the amount of s timulation 
is held constant. 
5. If a current courses through a rheostat element I the level of 
its resistance is lowered for a time. 
6. After having attained its minimal point 1 the resistance again 
returns to its normal level. 
7. The fact that element C1 is firing at a higher rate than is 
element Cz 1 is the condition for the experience of movement in the dir-
ection R11 Rz I etc. 
The model proper will now be presented . This model is schemetized 
in Figure 1. Consider the movement of a point across the retina. Let R1 
and Rz be retinal element s close to each other . These elements a re con-
nected with elements B I C1 1 and Cz I in the manner indicated . Now if a 
stimulus passes across the retina in such a direction that the stimula tion 
takes place in the direction R11 Rz I etc. I R1 is stimulated before Rz. The 
excitation passes on to C1 1 and also to B. From B two paths are open to 
the current 1 _!.s:_. I toward C1 and Cz. But the resistance at X has been 
lowered by the direction excitation of C1 from R1 1 so by far the greater 
part of the excitation from B will pass on to c11 and comparatively little 
to Cz. This is analogous to Ohm's law. Then Rz is stimulated and the 
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excitation passes on toward c 2 and B. Here I however I the resistance at 
Y is lower than at Z 1 therefore most of the excitation from Rz passes on to 
B 1 and then 1 for the same reason I to C1. In other words I by the consecu-
tive stimulation of R1 and Rz I C1 fires more rapidly than Cz. 
The fact of C1 firing more ra pidly than Cz has been postulated to 
be the condition of the experience of movement in the given direction R1 1 
Rz 1 etc. Now if the movement s tops suddenly 1 but some contours remain 
in the visual field 1 stimulating R1 and Rz simultaneously I then there is no 
difference in the excitations rea ching C1 and c 2 . However I C1 is more 
fatigued than Cz I owing to the previous greater stimulation of cl. There-
fore 1 C1 now fires at a lower rate than Cz 1 and since it has been postulated 
that differences in rate of firing constitute the condition for the experience 
of movement 1 the experience of movement will be in the direction of R2 1 R1. 
One of the criteria for the choice of this particular model was the 
fact of its generality 1 J:..~. I the model explains a number of the properties 
of movement aftereffects . In order to illustrate this generality a number of 
empirically confirmed predictions are derived from the model below. 
Prediction:. The uniform passage of light stimuli over the retina 
will give rise to a movement aftereffect . Th is is simply the most general 
way of asserting that there is I in fact 1 such a phenomenon as the movement 
aftereffect 1 and it is confirmed by any movement aftereffect experiment. 
Derivation: The uniform passage of light stimuli over the retina will 
ensure that 1 given appropriately placed retinal elements 1 R1 and R2 1 one 
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of these retinal elements will be stimulated before the other one is. But 
it has already been shown above tha t this produces a n inequality in the 
excitation going t o c 1 and c 2 1 and I hence I a moveme nt afte reffect. 
Predict ion: The aftereffect will be limited to the area of original 
stimulation. This was discovered by Zehfuss (1880). 
Derivation: In explaining the theory of the movement aftereffect I 
consideration has been given to the case of only two retinal elements I 
R1 and Rz; and the corresponding C1 and Cz. This was a deliberate over -
simplification 1 made for the purpose of clarity 1 lucidity 1 and conciseness 
of communication. There a re actually a large number of retinal elements 1 
which can be symbolized as follows: 
Rll Rz~ R31 R4~ .......... Rn~ 
and each has a corresponding C element 1 thus 1 
ell Cz~ c31 c41 ........ en . 
Now 1 when the light from an external moving s timulus impinges on 
the retina 1 it generally does not stimulate all o f the retinal elements I but 
only some of them. For example I if there a re 10 I 000 re tinal elements in an 
approximately straight line I the image of the moving stimulus will impinge 1 
let us say I on all of the elements between Rzooo and R300 o I b"Ut will im-
pinge on none of the other retina l element s. This means that the corres-
ponding c element s I !_.~.I those betwee n Czooo a nd c3000 I will also be 
stimulated 1 but tha t none of the ot her C elements will be. 
But it has already been shown that the experience of the movement 
aftereffect depends on the prior stimulation of the appropria te C elements. 
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Therefore, the movement aftereffect will be experienced in the area of 
original stimulation (J:. .~., between Rzooo and R3ooo), but in no othe r 
area. 
Prediction: The aftereffect will be more extensive if a fixation 
point is used. This was established by Hunter (1914). 
Derivation: If no fixation point is used, there is a tendency for 
the e yes to "wander". The e y e would move in various different directions 
at different times, e ._g., sometimes from left to right, sometimes right to 
left, sometimes up, sometimes down, and sometimes in various diagonal 
directions. Now the direction of movement of the image of the stimulus 
on the retina is determined by both the movement of the distal stimulus 
and the movement of the eye itself. For example, if the stimulus moves 
in a horizontal direction while the e ye i s rotating upward, the path of the 
image of the stimulus on the retina would be diagonally upward. If the 
s timulus cont inues to move in a horizontal direction, but the e ye now 
c hanges direction and rotates downward, then the resultant path of the 
image of the stimulus on the retina would be diagonally downward. The 
conclusion is that when the eye is free to wander, the image of the stimu-
lus no longer travels alway s in the same direction over the retina, but 
changes direction as the e yeball moves. The refore movement in the de-
sired (~ . .2_., horizontal) direction occurs less than 100 % of the time. In 
effect, the inspection period has been shortened . Therefore, the aft e r -
effect will be more e xtensive if a fixation point is used. 
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Prediction: The aftereffect will be more noticeable in the objec-
tive visual field than in the subjective visual field. This was confirmed 
by Wohlgemuth (1911) . 
Derivation: Consider a movement which stimulates the retinal 
elements R11 Rz I etc. I in that sequence. Then c1 becomes more fatigued 
than c 2 . Now 1 if the eyes are closed (during the test period) I no further 
stimuli reach these elements R11 Rz 1 etc. 1 nor consequently the elements 
C1 1 Cz I etc. Although these latter may be in different states of fatigue I 
neither one is firing because neither is being stimulated. Since neither 
one is firing there is no aftereffect for movement aftereffect depends on a 
difference in firing rate between c1 and c 2 . 
If 1 however 1 the eyes are open during the test period 1 all the 
retinal elements are stimulated I and they in turn stimulate c1 and c 2 into 
firing. Now any difference in fatigue between c1 and c 2 results in a dif-
ference in their firing rates 1 and a movement aftereffect experience results. 
Prediction: When the graininess of the test field is varied by means 
of any process which causes the number of grains per unit area to vary in-
versely with the square of the linear dimensions of the individual grains 1 a 
find grain test field will cause more aftereffect than a coarse grain test field. 
A special case of this ge neral prediction was confirmed by Cann (1961). 
Derivation: This is offered as an alternative to Cann's (1961) ex-
planation 1 which is based on inhibitory processes. During the test period 
the part of each grain which stimulate s the retinal elements is the contour 
or perimeter 1 whereas the "inside" of each grain contributes virtually 
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nothing to the stimulation. The length of each contour is the circumference. 
Now the circumference of a given grain varies inversely with the graininess, 
.!_.~., the finer the grain, the smaller the circumference. But the total number 
of grains varies as the square of the graininess. Since the total cont our 
length and the number of contours, it follows that total contour length is dir-
ectly proportional to fineness of grain . But during the test period an increase 
in total contour length increases the stimulation to the retinal elements and 
to the C elements, which in turn increases the strength of aftereffect. For 
this reason increasing the fineness of the grain results in an increased after-
effect. 
It is interesting to note that the conditions of this prediction are met 
whenever the distance between the subject and a grainy test field is varied. 
If this general prediction applies also to other kinds of test fields, ~·.9:.·, 
striped test fields, it may well explain Granit's paradox, which has been 
described above. 
Prediction: The aftereffect will add itself to an objective movement. 
This s tateme nt was confirmed by Wohlgemuth (1911). 
Derivation: Suppose a movement has been going on in the direction 
from R1 to Rz. Then C1 has been more strong ly excited than c 2 . Upon 
the cessation of the movement c1 is more fatigued than c 2 , thus giving rise 
to the aftereffect. 
Now if a movement takes place in the opposite direction, j_.~., from 
Rz toward R1, c 2 , which is firing at a highe r rate than c 1, now receives 
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more excitation than c1, j_ • .§.., the difference in firing rate between Cl and 
c2 is still more increased than if the preceeding movement in the direction 
from R1 to R2 had not taken place. 
Prediction: The direction of the movement aftereffect will be op-
posite to the direction of the original movement. This fact was commented 
upon by Erasmus Darwin in 1801; Purkinje (1825) also noted this fact. 
Derivation: As has been shown in the exposition of the model 
proper, at the end of the inspection period c1 fires more rapidly than c 2 , 
but during the test period c 2 fi res more rapidly than c1. But the fact of 
c1 firing more rapidly than C2 has been postulated to be the condition of 
the experience of movement in t he direction R1, R2, etc. , and vice versa. 
Therefore the direction of the movement aftereffect will be opposite to the 
direction of the original movement. 
The predictions which have been selected for testing are given be-
low. The reasons for selecting these particular predictions for empirical 
testing are as follows. First, the empirical testing of these particular 
predictions may shed addit ional light on the meaning of the results obtained 
by Singer (1959). That is to say, the results of the proposed study may 
shed light on the question, "Is it speed of rotation per se, or is it the 
length of the interval, solely or in combination with other variables, which 
is the crucial independent variable?". 
Prediction: The aftereffect will be diminished in the case of a very 
short interval. (Definition of "interval": the time interval between the 
stimulation of retinal elements which lie close together, j_.~., the time 
interval between the stimulation of R1 and the stimulation of R2 .) 
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Derivation: Consider what happens in the case of a very short 
interval. Then R1 and Rz are stimulated almost simultaneously. Therefore 
the impulse from Rz to B and the second innervation from B to C1 and c 2 1 
occur before the resistance at X andY has had time to decrease very much. 
Therefore I almost equal amount s of current flow from R2 to B and c 2 . There-
fore 1 c1 and c 2 a re almost equally fatigued. Therefore 1 when movement 
stops 1 c1 and c 2 emit innervations at almost equal rates. Therefore I there 
is less aftereffect in the case of a very short interval. 
Prediction: The aftereffect will be diminished in the case of a very 
long interval. 
Derivation: Now consider what happens in the case of a very long 
interval. In that case I by the time Rz is stimulated 1 so much time has 
elapsed that the resistance at the rheostat element 1 which had decreased 1 
has increased again (through a recovery process) back to almost normal 
level. Therefore 1 for reasons analogous to those in the previous derivation 1 
there is less aftereffect in the case of a very long interval. 
Corollary: As the length of the time interval increases 1 there will 
be an increase in aftereffect up to a maximum point 1 followed by a decrease. 
Derivation: The two previous predictions are that either a short 
or a long interval will result in less aftereffect than a medium interval. 
It is therefore a necessary consequence that 1 as the length of the time in-
terval increases 1 there will be an increase in aftereffect up to a maximum 
point 1 followed by a decrease. 
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Prediction: Holding the length of the interval constant will result 
in a constant aftereffect 1 despite variations in speed of rotation. 
Derivation: The model gives one no reason to suppose that fre-
quency of stimulation of individual retinal elements is a relevant variable. 
It does state that length of interval i s a relevant variable. Therefore I if 
frequency is changed 1 but length of interval is held constant 1 the after-
effect should remain constant. Therefore 1 if the experimental conditions 
are so manipulated as to change frequency (by means of changing speed 
of rotation) but so as to hold length of interval constant 1 aftereffect should 
remain constant. Therefore 1 holding the length of the interval constant 
will result in a constant aftereffect 1 despite variations in speed of rotation. 
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1. Apparatus 
CHAPTER IV 
APPARATUS AND METHOD 
The inspection stimuli 1 the test stimulus I and the rest stimulus 
were presented to the subject in a spiroscope devised by Berkeley I Davis 1 
and Cohen. By means of an a rrangement of two way mirrors this apparatus 
makes it unnecessary for the subject to shift his regard between the in-
spection period and the test period. The apparatus consists of a device 
for presenting the stimuli 1 another device for automatic recording of the 
subject's responses 1 and a master control mechanism to regulate the se-
quence and duration of the inspection 1 test 1 and rest periods. 
A. Spiroscope 
The spiroscope is the device for presenting the stimuli. See Fig-
ure 2. The main leg was 11-1/ 2 inches wide and 34 inches long on the 
top (28 inches long on the bottom) 1 while the side leg was 13 inches long 
and 17 inches wide. There was a slit (with a rubber edged headrest) 4 
inches wide and 1-1/2 inches high in the front wall of the s piros cope. 
The entire inside of the spiroscope was painted a dull black. The spirals 
were placed in the side leg; the rest field was presented in the main leg; 
and the test stimulus was projected in the main leg. A two way mirror 
placed at a 45° angle to the subject's line of vision a t the juncture of the 
two legs allowed the presentation of the various stimuli without necessita-
ting shift of regard. Another set of two re flective ferrotype plates 1 placed 
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at 90° relative to each other 1 and at 45° re lative to the subject's line of 
vision I carried the projected image of the te s t stimulus to the viewing 
screen in the main leg. The illumination for the inspection stimulus and 
for the rest field was supplied by two pairs (one pair for each stimulus) of 
40 watt glow tubes. Each tube was s hielded by black cardboard for the 
purpose of preventing glare. The distance between the subject and the in-
spection stimulus along the line of sight was 25 inches 1 and the distance 
between the subject and the projection screen was also 25 inches. With 
the test stimulus set to maximum diameter of eight inches the visual angle 
0 I 
s ubtended in each case was 18 I 10 . 
B. Response Mechanism 
The response mechanism consis ted of a 150 watt Micronta pro-
jector fitted with a variable diameter aperture in the focal pla ne. This 
device was used to project a grainy fie ld corresponding to the # 4. 5 level 
of graininess on the Cann (1961) scale. The subject varied the diameter 
of the aperture 1 and thus of the projected te st image 1 by means of turn-
ing a knob. The maximum diameter of the projected test image was 8 
inches 1 and the minimum diameter of the image was 1-5/ 8 inches . Since 
the distance between the subject a nd the projected test image is 25 inches I 
the visual angle subt ended is 18° 1 10' at maximum diameter and 3° 1 40' 
at minimum diameter. A t en leaf diaphragm was used; the resulting image 
was very nearly circular . 
C. Recording Mechanism 
The recording apparatus was a G-E 8CH Portable Strip-Chart, Style 
#3. The paper moved at the rate of 10 inches per minute. The range of the 
recording pen was 0. 50 volts. Power was supplied to the voltmeter by a 
potentiometer, which was directly mechanically linked to the main control 
shaft, rotations of which caused variations in the potentiometer setting 
and thus in the voltage of the output to the voltmeter. In order to avoid 
problems which would be created by variable line voltage, a constant D.C. 
voltage was delivered to the potentiometer by a rectifier and Variac in series. 
D. Room Illumination 
The experimental room was kept in darkness for the duration ofall 
experimental sessions. 
E . Inspection Stimulus 
The inspection stimulus was an eight inch diameter white circular 
disc on which was drawn (in India ink) an Archimedean spiral. Each spiral 
had one arm, 1/6 inch wide . The arm spiraled outward in a clockwise 
direction. Rotation of the disc was in a counterclockwise direction; thus, 
the perception produced during the inspection period was one of contraction. 
Four different spirals were used, each with a different number of 
turns. (By "turns" is meant the number of times the spiral arm winds about 
the center of the spiral.) The num-ber of turns used in the four spirals is 
the following: 1. 5, 4. 8, 8. 4 and 12. For one half of the trials the interval 
was held constant; for the other half the interval was varied. In order to 
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hold the interval constant, the independent variables of speed of rotation 
and number of turns were so regulated that a change in one precisely 
counterbalanced, or held constant, the interval variable, while speed of 
rotation varied. The speeds of rotation used for each number of turns in 
order to hold the interval constant were the following: for the 12 turn 
spiral: 6 6 6 rpm; for the 8 . 4 turn spiral: 4 6 6 rpm; for the 4. 8 turn spiral: 
266 rpm; and for the 1. 5 turn spiral: 83 rpm . 
In order to vary the interval, while holding speed of rotation con-
stant (at 157 rpm), the number of turns was varied as has been described. 
Thus, each spiral was rotated at two speeds: a constant speed in order 
to vary the interval across the different spirals, and a variable speed in 
order to hold the interval constant across spirals. 
F. Test Stimulus 
The test stimulus had been created by a method devised by Asch-
enbrenner (1954) and modified by Cann, who describes the method as 
follows: 
Aschenbrenner scattered a mixture of small black and white 
paper discs over a surface until it was completely covered. In 
this way he controlled the ratio of black to white elements, and 
insured their random arrangement .... 
In this study a mixture of black and white roofing granules 
was substituted for the paper discs used by Aschenbrenner. 
The granules of this mixture a re much smaller than paper discs .... 
The granules were sifted through window screen, to obtain 
a uniform size and to eliminate small particles and dust. A 
mixture of one half white and one half black granules by volume 
was then prepared. This mixture was evenly spread over a 45 
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inch diameter circle. Care was taken to see that the background 
was totally covered by a 1/ 4 inch layer of granules. This sur-
face was then photographed ..... (1961, p. 46-47). 
A transparency was then made from the photograph made by Cann. 
This transparency was placed in the focal plane of the projector, and the 
image thereby generated constituted the test stimulus. 
G. Rest Stimulus 
The rest stimulus was a rectangular homogeneous field consisting 
of backlighted drafting cloth. 
H. Master Control Device 
A master control device 1 automatically regulated the sequence and 
duration of all periods within each trial, with the exception that the dura-
tion of the test period was contingent upon the duration of the subject's 
response. The sequence of periods within each trial is as follows: rest 
period, inspection period, test period. At the beginning of the rest period 
the master control device turned on the lights which illuminate the rest 
field. At the beginning of the inspection period the rna ster control device 
turned on the lights which illuminated the spiral and simultaneously turned 
off the rest field lights. At the beginning of the test period the device turned 
on the projector (thus presenting the test stimulus) and the paper drive 
mechanism of the recording voltmeter , and simultaneously turned off the 
inspection lights. After the subject had finished responding the c ycle was 
started anew by the depressing of a button on the master control device. 
The master control device also timed each period as follows: rest period: 
ten seconds; inspection period: thirty seconds; test period: variable. 
1Designed by Professor Berkeley 
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2. Method 
The subjects were instructed to fo llow or tra ck the experience of 
expansion during the test period. In this respect the present study follows 
Cann, but not Singer (1959), for the reason pointed out by Cann: 
..... when the direction of the apparent movement and of the 
response coincided, the subject was able to follow the movement 
with a smooth response motion. If apparent motion and response 
were opposed, the subject tended to make interrupted movements, 
and to complain of the greater difficulty of the task (19 61, p. 49} . 
However, in using the aftereffect of expansion, rather than that of 
contraction, the present study follows Singer, but not Cann. It is possible 
to use the aftereffect of expansion without obliterating the test stimulus by 
setting the minimum diameter of the test stimulus at some positive value 
(in this study, at 1-5/ 8 inches} rather than at zero. 
Each subject was given three training trials before the beginning 
of the experiment proper. During this period the subject became familiar 
with the phenomenon, the task, and the apparatus. One result of the in-
creased familiarity was some stabilization of the response (J:..~., less 
error) . 
A. Subjects 
Two male employees of the Bedford, Massachusetts, Veterans Ad-
ministration Hospital were used as subjects. One is a counseling psy-
chologist; the other, an aide. Both reported 2 0/ 20 vision. 
B . Instructions 
The subjects were given the following instructions: 
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You will view a rotating spiral for a period of time. When 
it disappears you will see a grainy surface which will appear 
to move. There is a knob in front of you which you can turn to 
follow or track the apparent movement. Turn the knob to en-
large the circle until the surface stops moving 1 then immed-
iately decrease the circle to its minimum diameter. Always look 
directly at the center of the spiral and of the grainy circle. 
After a short rest the whole cy cle will be repeated. 
C. Sequence 
In order to control the variable of order of presentation of the 
different spirals the followi ng method was used. The sequence of pre-
sentation of the various levels of the independent variable of number of 
turns was determined by a randomly selected four by four Latin square. 
On even numbered days of the experiment the higher speed of rotation 
was used first; on odd numbered days 1 the lower speed was used first. 
Speed was altered after four consecutive trials. Sixteen trials were run 
per spiral per day . This entire process was replicated over eight days. 
The duration of each experimental session was approximately 45 minutes. 
D. Recording of Responses 
The subject's response was automatically converted to graph form 
by the re cording voltmeter. The measure of ext ent of aftereffect was the 
amplitude or maximum height (in tenths of an inch) of each excursion of 
the pen. The measure of duration of aftereffect was made at right angles 
to the measure of extent 1 and consisted of the distance in halves of an 
inch from the beginning of the pen's excursion to the point at which the 
line again turned downward (to indicate the end of the aftereffect) . 
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3. Summary 
Four different spirals were used 1 with the following number of 
turns: 1.5 1 4,8 1 8,4 1 and 12. Each spiral was run at two different 
speeds: a constant speed in order to vary the interval across the differ-
ent spirals 1 and a variable speed in order to hold the interval constant 
across spirals. The constant speed was 157 rpm. The variable speeds 
were the following: for the 12 turn spiral: 666 rpm; for the 8. 4 turn 
spiral: 4 6 6 rpm; for the 4. 8 turn spiral: 2 6 6 rpm; and for the 1 . 5 turn 
spiral: 83 rpm. Sixteen trials were run per spiral per day. The entire 
process was replicated over eight days. 
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A . Experimental Hypothesis 
CHAPTER V 
RESULTS 
The null hypothesis is stated as follows: 
Hypothesis 10: The aftereffect as measured by duration and extent 
will not vary with change in number of turns. The regression of the means 
will be linear and of zero slope. 
Hypothesis la: For the curves in which the length of the interval is 
permitted to vary the foregoing null hypothesis is tested against that class 
of alternatives which states that the aftereffect will first increase and then 
decrease when the length of the interval is increased. 
In all twelve separate analyses of variance were performed: eight 
during an initial analysis of the data 1 and four during a later subsidiary 
analysis of the data. The initial eight analyses of variance were classified 
as follows. Four separate analyses were performed for the data of each 
subject. Of these four 1 two were performed on the data for the extent mea-
sure 1 and two were performed on the data for the duration measure. Of each 
of these two 1 one analysis was performed for the constant interval curve I 
and one analysis was performed for the variable interval curve. 
There were initially four levels of number of turns I making a total 
of 8 x 4 x 8 (days by turns by replications) or 256 pieces of data in each of 
the eight analyses of variance. However 1 the data for one level of number 
of turns 1 T = 1. 5 1 was omitted from the analysis 1 because this level of 
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number of turns uniformly generated no aftereffect. As a result the analyses 
of variance contained three levels of number of turns: 4.8, 8.4, and 12. 
All of the eight analyses of variance were identical in form. Each 
had two factors (turns and days) . In each analysis there were three levels 
of number of turns and eight levels of days, making a total of 24 cells. 
There were eight replications within each of the 24 cells. Thus, there was 
a total of 8 x 24 = 192 pieces of data in each of the eight analyses. The 
experiment involving the second subject was considered to be a re plication 
of the experiment involving the first subject; therefore the data from these 
subjects were analyzed separately. In order to decrease the non-normality 
of the distributions, a Freeman-Tukey transformation of / X+ J X + 1 was 
performed on all of the data. 
B. Experimental Results 
The results are graphed in Figures 3 and 4, and are shown in numer-
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ical form in Tables 2 and 3 of the Appendix. A number of general statements can 
be made about the data. Each of the eight curves of the data, as plotted in 
the graphs, are of the approximate form: y =ax+ b, for both subjects, for 
both duration and extent measures, and for both constant and variable in-
terval curves. Each of the eight curve s is significantly ( p < 0. 01 for each 
curve) non-horizontal for both subject s, for both duration and extent measures, 
and for both constant and variable interval curves. Each of the eight curves 
shows a monotonic increase in aftere ffect with increasing number of turns 
for both subjects, for both extent and duration, and for both constant and 
variable interval curves. The above observations a re perfectly general. 
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The form of the curve ( y =ax + b) is general between subject s, but 
the value of the constants ("a" and "b") varies according to individual differ-
ences. 
Since each of the eight curves is significantly ( p < 0. 01 for each 
curve) non-horizontal for both subjects, for both duration and extent measures, 
and for both constant and variable interval curves, the null hypothesis of no 
change of duration or extent of aftereffect across levels of number of turns 
was rejected for each of the eight curves. In addition there were 16 other F 
ratios in the eight initial analyses of variance (days and number of turns by 
days). Each one of these 16 F ratios was also significant beyond the 0. 01 
level. 
The day effect appears to be different in the two subjects. In sub-
ject # 2 there is a decline across days. This observation is quite general: 
it is true for both the constant and variable interval curves as well as for 
both the extent and duration measures. The curve tends to decline steeply 
for the first four to five days and then it becomes more level. In the first 
subject, by way of contrast, the significance of the day effect seems to be 
due more to fluctuation than to trend. This is particularly noticeable in the 
case of the duration measure, constant interval curve, where the odd number 
days generally yield more aftereffect than the even number days. This ob-
servation, to a limited extent, c haracterizes the other three curves of the 
first subject as well, particularly for the first four days. 
The turns by days effect is also different in the two subjects. In 
the second subject the curve of amount of aftereffect across number of 
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turns tends to become more nearly horizontal with passing experimental days. 
However 1 this is not true of the first subject 1 where the significance of the 
turns by days effect seems mainly due to differences in curve shape (as op-
posed to slope) over days. 
Each of the eight analyses of variance contains 24 cells 1 making a 
total of 8 x 24 = 192 cells. For each of these 192 cells a mean was com-
puted. These means are presented in Tables 4 to ll of the Appendix. 
Inspection of the data suggested that the constant and variable in-
terval curves diverged from each other for the second subject. Therefore a 
new series of four different analyses of variance was computed in order to 
determine whether or not the degree of divergence between the constant and 
variable interval curves was significant. Two analyses of variance were 
done for each of the two subjects; of these two analyses of variance 1 one 
was for the duration measure and the other was for the extent measure. Each 
analysis of variance dealt with three factors: number of turns 1 days 1 and 
curve (this last refers to constant interval curve compared with variable 
interval curve). The major point of interest in these four analyses of var-
iance was the curve by turns interaction term . The F ratio for this term for 
three out of the four analyses of variance was significant beyond the 0. 0 l 
level. These three analyses of variance included both analyses for the 
second subject 1 and the analysis of the duration measure for the first sub-
ject. The F ratio in the fourth analysis of variance (first subject I extent 
measure) for the turns by curve interaction term was less than one 1 hence 1 
not significant. 
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Examination of the curves in Figures 4 and 5 shows that the differ-
ence in slope between the constant interval curve and variable interval 
curve is greater in the case of the second subject than in the case of the 
first subject, and this holds for both the duration measure and the extent 
measure. 
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CHAPTER VI 
DISCUSSION 
This study has accomplished the following: (1) the present model 
has been refuted; (2) the several possible interpretations of a study by 
Singer (1959) have been narrowed down. 
The refutation of the model will be discussed first. The present 
model predicts that the constant interval curve will be a horizontal line. 
The data I however I clearly demonstrate that the line is not in fact horizontal; 
instead it increases monotonically with increasing number of turns and in-
creasing speed of rotation. This result is quite general; it is true not only 
for both subjects 1 but for both measures of aftereffect (duration and extent) 
as well. It can be shown that the probability of obtaining these results if 
the theoretical model were valid is much less than 0. 0001. 
The narrowing down of the possible interpretations of the Singer 
study will be discussed next. Singer demonstrated the following: with in-
creasing speed of rotation 1 the duration and extent of aftereffect will first 
rapidly increase 1 and then slowly decrease. Singer attribut ed these results 
to the fact that speed of rotation is directly proportional to the rate of 
stimulation of individual retinal elements 1 and Singer used a theoretical 
model which related rate of stimulation of individual retinal elements to 
amount of aftereffect. 
However I changing speed of rotation does more than simply change 
rate of stimulation of individual retinal elements; it also changes the time 
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interval between the stimulation of a given retinal element and a neighboring 
retinal element. For this reason it is possible that Singer's results were 
brought about by changes in (l) rate alone, (2) length of interval alone, or 
(3) both of these together. With the data from the present study the possi-
bility that the only relevant variable is length of interval can be definitely 
ruled out ( p < 0. 000 l), for if length of interval were the only re levant vari-
able, the constant interval curve would be a horizontal line. By the same 
token the possibility that the only relevant variable is rate of stimulation of 
individual retinal elements can also be ruled out ( p < 0. 000 1), for if this 
were the only relevant variable, the constant rate curve (which is the same 
as the variable interval curve) would be a horizontal line. The reason for 
this is as follows: the speed of rotation is held constant (at 157 rpm .) 
along the variable interval curve. Since rate of stimulation of individual 
retinal elements is proportional to the spee d of rotation, a constant speed 
of rotation necessitates constant rate of stimulation of individual retinal 
elements. But if amount of aftereffect generated varies when rate of stimu-
lation of individual retinal elements is constant, then rate of stimulation 
of individual retinal elements cannot be the sole determinant of amount of 
aftereffect. 
An important link in the logical chain leading t o the above con-
clusion was the demonstration that it was in fact possible to isolate the 
effects of the above two variables (length of interval, and rate) . This in 
turn depended upon the demonstration of the fact that rate of stimulation 
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of individual retinal elements is invariant with respect to number of turns 
of the spiral. Once these demonstrations had been made it was possible 
to isolate the two variables. 
Now that the present model has been ruled out with the level of 
probability indicated above 1 it is possible t o seek alternatives. The 
choice is between turning to a model of a completely different type 1 ~·2.· I 
the Spitz (1958) adaptation of the Kohler-Wallach (1944) theory 1 and turn-
ing to a different model which 1 however 1 is of the same general type as 
the model used in the present study. An important consideration in the 
making of this choice is the fact that the model used in the present study 
is a member of a class of models which have successfully handled a 
variety of aftereffect phenomena in the past. 
Samples of other predictions generated by models of this general 
form are as follows. (1) The aftereffect will be limited to the area of 
original stimulation. (2) The uniform passage of light stimuli over the 
retina will give rise to a movement aftereffect. (3) The aftereffect will 
be more marked if a fixation point is used. (4) The aftereffect will be 
more noticeable in the objective visual field than in the subjective visual 
field. (5) The aftereffect will add itself to an objective movement. 
Since models of the general type as the present model have succes~­
fully handled a variety of aftereffect phenomena in the past 1 it would seem 
that a modification of the present model is in order I rather than a turning to 
a completely different type of model. A modified model might prove tenable. 
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With a view to this proposed modification it would seem useful as 
the next logical step to consider rate of occurrence of the interval as a 
possible important variable. The constant interval curve could be interpreted 
as a rate of occurrence of the interval curve. This possibility has been sug-
gested by Larsen in a personal communication. Consider the constant inter-
val curve. Although length of interval is he ld constant for this curve, rate 
of occurrence of the interval (which is directly proportional to speed of rota-
tion) is permitted to vary . Holding constant both the length of the interval 
and the rate of occurrence of the interval might produce a different curve 
altogether. The prediction under these circumstances would be that after-
effect would remain constant. 
The method and operations entailed in the suggested experiment 
would be as follows. In order simultaneously to hold constant length and 
rate of interval, while permitting speed of rotation to vary, a new parameter 
is introduced: number of arms. If the number of arms is held inversely pro-
portional to the speed of rotation, but in all other respects the proposed 
study replicates the present study, then length and rate of interval will be 
held constant, while speed of rotation will vary. Thus, the prediction 
would call for constant aftereffect despite variations in speed of rotation. 
The crucial question which this study would settle is whether holding con-
stant length and rate of interval will result in a constant level of aftereffect 
generated. 
Another question to be raised is that of whether varying rate by 
means of a different operation would produce equivalent results. In the 
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present study rate was varied by means of varying speed of rotation in such 
a way that length of interval remained constant. There is also another 
method for varying rate while holding length of interval constant: varying 
the number of arms. Light could be shed on the effect of speed of rotation 
by comparing this proposed study with the present study (since speed of 
rotation varies in one study but is held constant in the other). 
To summarize 1 two different experiments have been proposed. In 
the second the only variable is number of arms. In the first there are two 
variables: number of arms and speed of rotation 1 varied in inverse propor-
tion. 
Consider now the prediction that increasing the length of the in-
terval will result in an initial increase in aftereffect 1 followed by a decrease. 
The data of this study fail to confirm this prediction. Although there is a 
rise in aftereffect I there is no fall. It is possible that using spirals with 
T levels considerably higher than 12 would have resulted in a decrease of 
aftereffect. ("T" stands for "number of turns"). A practical issue here 1 how-
ever 1 is that the expense of producing spirals increases steeply beyond 12 
turns. 
The explanatory power of theoretical models other than the one used 
in this study will now be considered. The eye movement theories appear to 
be inadequate to deal with the spiral aftereffect because it would be neces-
sary to posit that the eye can move in all directions at once. In addition 
movement aftereffects occur only in the region of original stimulation 1 but 
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eye movement theories would predict aftereffects throughout the entire visual 
field 1 for if part of the retina is in motion 1 the rest of the retina cannot be 
stationary. Besides 1 a direct test of the eye movement theory demonstrates 
its inadequacy; this was done by Guilford and Helson (1929) and is described 
in chapter II above. 
Attempts to account for the spiral aftereffect by means of extensions 
of satiation theory also seem to falte r . It is necessary to assume that sat-
iation can occur at rates of an entirely different order of magnitude from the 
rates which have been empirically confirmed by Kohler and Wallach (1944). 
Deutsch (1949) states that the Spitz (19 58) extension of satiation theory pre-
diets apparent movement in the wrong direction. The Singer extension of 
satiation theory states: 
7. With ascending speeds 1 then 1 the exhaustion gradient 
is steeper 1 which in turn will allow for an increase in dis-
placement and hence an increased aftereffect (1949 1 p. 7 3) . 
Actually 1 however 1 the exhaustion gradient is not steeper I but is 
instead more shallow 1 with ascending speeds. For this reason the Singer 
model predicts the opposite of what is stated in the quotation above 1 l_.~. 1 
it predicts with ascending speeds a decrease in displacement and hence a 
decreased aftereffect. 
This discussion will hereafter concern itself with the data of the 
present study as such I without reference to the theoretical model which is 
used. 
A number of general statements can be made about the data without 
cons ideration of any theory. The curves of the data 1 as plotted in the 
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graphs 1 are of the approximat e form: y = ax+ b 1 for both subjects I fo r both 
duration and extent measure s 1 and for both constant and variable interval 
curves. These curves are significant ly ( p < 0. 01 for each curve) non-hori-
zontal for both subjects 1 for both duration and e xtent 1 and for both constant 
and variable interval curves. They show a monotonic increase in aftereffect 
with increasing number of turns for both s ubjects 1 for both extent and dura-
tion 1 and for both cons tant and variable interval curves. The above observa-
tions are perfectly general. 
In addition to the above me ntione d similarities between subjects 
there is one difference. The form of the curve ( y = ax+ b) is general be-
tween subjects 1 but 1 as is usually the case 1 the value of the constants (in 
this case I "a" and "b") is different for different individuals. If o ne wishes 
to compare the constant interval curve with the variable interval c urve 1 one 
will note that the two curves for subject # 1 are approxi mately congruent 1 
whereas the t wo curves for subject #2 diverge from left to right . What cou ld 
be the explanation for this difference? Let u s begin our inquiry by consider-
ing jus t two points I .§_ • .£. 1 the two point s for subject # 2 at T = 12. The in-
put or stimulus for these two points differs in one and only one respect 1 
namely 1 speed of rotation. The speed of rotation for the higher point is 666 
rpm. 1 but the speed of rotation for the lower point is 15 7 rpm. It becomes 
apparent I therefore 1 that in order to explain this difference in response 1 one 
mus t have knowledge about the effect of varying spee d of rotation. Fortun-
a t ely Singer has supplied us with just this knowledge. She has demonstrated 
the existence of wide individual differences in re sponse curve s I not only in 
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amplitude 1 but also in slope. Some subjects generate relatively platykurtic 
curves I while othe r subject s genera te leptokurtic gradient curves. To stat e 
this same conclusion in somewhat different words: to some subject s a differ-
ence in speed of rotation makes a ma rked diffe rence in level of response, 
but to other subjects it makes very little difference in level of response. 
Accordingly I if an experiment e r rota ted the same spiral a t two different speeds I 
he would naturally expect that some subjects would show a marked difference 
in level of response 1 while other subjects would show very little difference. 
To be concrete and to relate this genera l principle to the pre sent s tudy 1 if 
the 8. 4 t urn spiral is rotated at two diffe rent speeds 1 (as it was in the pre-
sent study} the expecta t ion would be tha t some subjects would show a marked 
differenc e in level of response to the two speeds 1 while others would not. 
Th is expectation was borne out in the present study. 
A test of the above explanation i s s uggested. This requires abandon-
ing the single subject research approach 1 and u sing a large group of subjects. 
These subjects would be run through re plications of both the present s tudy 
and the Singer study . Two scores would be obtained. The first wou ld be a 
meas ure of the kurtosis of the Singer c urve (J:..~. 1 va rying speed of rota tion 
only} obtained. The second wou ld be a measure of degree of divergence of 
the constant and variable int e rval curves. The n the correlation between 
these two measures would be computed . The prediction is that a positive 
correlation would be obtained between kurtosis a nd degree of divergence. 
The next ques t ion to be discus s ed i s the following. In the case 
of subject # 2 why a re the points fo r T = 4 . 8 approxima tely s uperimposed 1 
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whereas the points for T = 8. 4 and 12 are not? The reason for this is as 
follows. Consider the magnitude of the differences between speeds of 
rotation in each case in Table l. 
It is evident that the difference in speed of rotation is greater for 
those levels of T producing the greater disparity in aftereffect generated. 
This is the reason for the difference between the points for T = 4. 8 and the 
points forT.,. 8.4 and 12 in this respect. 
It seems that a special empirical test of this aspect is unnecessary 
for the following reason . Since there is one and only one difference in the 
input or stimulus for the corresponding pairs of points (§..£.·, the one and 
only difference in the input or stimulus for the pair of points for T = 12 for 
subject # 2 is a difference of 509 rpm. between the high speed and the low 
speed), and since that sole difference is in speed of rotation, then that 
difference in speed of rotation is assuredly the cause of the difference in 
the aftereffect generated. 
Secondly, since the same rotation speed, other things also being 
equal, will certainly produce the same level of re sponse, it follows that 
the two curves (variable and constant interval curves) must necessarily be 
congruent at the point of equal speeds of rotation. For a subject with a 
leptokurtic Singer curve, the variable and constant interval curves must 
necessarily be some distance apart from each other when the speeds of 
rotation are different. But the curves must also be congruent at that point 
along the X-axis where the speeds of rotation are equal. Since the two 
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so 
TABLE 1 
RELATION BETWEEN DIFFERENTIAL AFTEREFFECT 
AND DIFFERENTIAL SPEED OF ROTATION 
Difference in Difference in 
Difference Duration of After- Extent of After-
* * Turns in rpm. effect Generated effect Generated 
4.8 109 0.05 0.01 
8.4 309 2.62 2.55 
12 509 3.22 3.63 
* Between high speed and low speed for the two points 
at this T level. 
curves must be congruent at one point along the X-axis, and must be some 
distance apart at another point along the X-axis, it follows necessarily that 
they must diverge, as, indeed, they do. 
Additional Analyses: 
Another aspect of the data is that significant day effects and signi-
ficant turns by days effects were found in all eight analyses of variance. 
The day effect will be considered first and the turns by days effect second. 
The day effect was different in the two subjects in that there was a 
decline in aftereffect over days in the case of the second subject, but not 
in the case of the first subject. This decline may be due to a gradual 
accretion of permanent fatigue in the firing elements c 1 and c 2 in the 
theoretical model. As a result the firing rate is reduced for both c 1 and Cz. 
However, the firing rate cannot fall below zero. For this reason fatigue 
tends to reduce the firing rate of the element which is firing faste r more than 
the firing rate of the element which is firing more slowly. Therefore, the 
difference in firing rates between cl and Cz is decreased. Therefore I less 
aftereffect is generated in the case of an accretion of permanent fatigue. 
In the case of the first subject there appeared to be some tendency 
toward a regular fluctuation, with more aftereffect on the odd number day s 
of the experiment than on the even number days. This effect may be due to 
Latin square which determined the sequence of presentation of the various 
spirals. In general, when spirals which generate a great deal of aftereffect 
are presented before spira ls which generate relatively little aftereffect, less 
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total aftereffect is generated for the day . On the other hand, when spirals 
which generate a great deal of aft ere ffect are present ed after spira ls which 
generate relatively little aftereffect, more total aftereffect is generated for 
the day. This may be due t o the accretion of fatigue (the greater the after-
effect, the greater the subsequent fa tigue) which lasts fo r a t least 45 min-
utes to an hour (approximate duration of the experimental session). Now 
it happens that the spirals which generate a great deal of aftereffect were 
presented before the spirals which generate relatively little aftereffect on 
the even number experimental days, as dictated by the Latin Square. On 
the odd number days the spirals whic h generate a great deal of afte reffect 
were presented after the spirals which generate relatively little aftereffect . 
For this reason there was a trend in the direction of more total afte re ffect 
on the odd number days. 
There were also individual differences in the case of the turns by 
days effect. For the second subject the slope of the curve became less with 
increasing number of days. For the first s ubject the reason for the s ignifi-
cance of the effect appears to be differences in curve shape (as opposed 
to slope). 
The reason for the decreasing slope in the case of the second s ub-
ject appears to be as follows. The amount of aft ereffect generated by the 
4.8 turn spiral was small, even during the first few days . No matter how 
much fatigue was generated the amount of aftereffect generated by the 4. 8 
turn spiral could not fall below zero. Therefore, the le ft end of the curve 
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(of aftereffect plotted over number of turns) could not fall very far 1 even if 
large amounts of fatigue were present. By way of contrast the right end of 
the curve could fall a great distance 1 because of the great amount of after-
effect generated by the 12 turn spiral. For this reason in the presence of a 
great deal of fatigue the right end of the curve would fall farther than the 
left end of the curve 1 resulting in a decreased slope. In other words the 
explanation of the turns by days effect is the day effect. 
In the case of the first s ubje c t much appears to depend on the se-
quence of presentation of the spira ls. For this reason the daily change in 
the sequence resulted in a daily change in the shape of the curve of afte r-
effect across number of turns. This may be the reason for the significance 
of the turns by days effect. The explanation of the day effect here provided 
a clue for the e xplanation of the turns by days effect. 
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CHAPTER VII 
SUMMARY AND CONCLUSIONS 
The purpose of this study was to (l) test whether or not the present 
theoretical model is capable of handling the data generated by this experi-
ment 1 and 1 more broadly 1 whether the present model is tenable; (2) narrow 
down the several possible interpretations of Singer's results. 
There a re two major historical concerns leading to theories of the 
movement aftereffect. One of these concerns is related specifically to 
movement phenomena 1 and does not treat of static events. Experiments in-
volving waterfall effects or the spiral aftereffect constitute examples of 
this. The other concern begins with static stimuli (J. • .§_. 1 figural aftereffects) 1 
and later becomes generalized to explain movement phenomena as well. 
The former concern includes the model used in the present study. 
The model used herein takes as its starting point the fact that one 
retinal element is stimulated before some other nearby retinal e lement during 
the inspection period in movement aftereffect studies. This model transforms 
one kind of difference (difference in time of stimulation) into another kind of 
difference (differential amount of excitation in two different firing elements) . 
By means of this transformation or translation the model makes a number of 
predictions which are in accord with the experimental data in the literature. 
The model is then applied to the prob lem of the present study . 
The model states that the length of the interva l is a crucial independent 
variable. The mode l predicts therefore that holding the interval constant 
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will produce constant aftereffect, and that varying the length of the interval 
will produce variations in aftereffect. 
In order to vary the interval, while holding speed of rotation con-
stant, the number of turns was varied. In order to hold the interval constant, 
the experimenter so regulated the independent variables of speed of rotation 
and number of turns, that a change in one precisely counterbalanced, or held 
constant, the interval variable, while speed of rotation varied. The depen-
dent variables were magnitude and duration of the aftereffect. 
A population of responses was sampled from two male employees 
of a Veterans Administration Hospital. The following levels of the indepen-
dent variable of number of turns were used: 1. 5, 4. 8, 8. 4, and 12. Each 
spiral was rotated at two speeds: a constant speed in order to vary the in-
terval across the different spirals, and a variable speed in order to hold the 
interval constant across spirals. The constant speed for all spirals was 
157 rpm. The variable speeds were as follows: for the 12 turn spiral: 666 
rpm.; for the 8.4 turn spiral: 466 rpm.; for the 4.8 turn spiral: 266 rpm.; 
and for the 1. 5 turn spiral: 83 rpm. The sequence of presentation of the 
various levels of the independent variable of number of turns was determined 
by a randomly selected four by four Latin square. Sixteen trials were run 
per spiral per day. This entire process was replicated over eight days. 
The timing of each period was as follows: rest period: ten seconds; inspec-
tion period: thirty seconds; test period: variable. 
Eight analyses of variance, all identical in form, were performed 
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during the main analysis of the data. Each analysis had two factors (turns 
and days}. 
A number of general statements can be made about the data. Each 
of the eight curves of the data is of the approximate form: y = ax+ b, for 
both subjects, for both duration and extent measures, and for both constant 
and variable interval curves. Each of the eight curves is significantly non-
horizontal for both subjects, for both duration and e xtent measures, and for 
both constant and variable interval curves. Each of the eight curves shows 
a monotonic increase in aftereffect with increasing number of turns for both 
subjects, for both extent and duration, and for both constant and variable 
interval curves. The above observations are perfectly general. 
Since each of the eight curves is significantly non-horizontal for 
both subjects, for both duration and e xtent measures, and for both constant 
and variable interval curves, the null hypothesis of no change of duration 
or extent of aftereffect across levels of number of turns was rejected for each 
of the eight curves. Therefore the prediction that invariant length of interval 
will produce invariant aftereffect is clearly refuted. 
Another finding is the existence of individual differences with re-
spect to whether or not the constant and variable interval curves diverged 
from lower levels of number of turns to higher levels of number of turns. 
The second subject's constant and variable interval curves tended to diverge 
from each other, but the first subject's curves either showed this tendency 
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not at all (extent measure) or only minimally (duration measure). 
The conclusions which may be drawn from the present study are 
as follows: 
l • The extent of aftereffect is a monotonically increasing function of the 
number of turns of the spiral arm. 
2. The duration of aftereffect is a monotonically increasing function of 
the number of turns of the spiral arm. 
3. The theoretical model, in its present form, is refuted. 
4. Rate (of stimulation of individual retinal elements) alone cannot be 
the determinant of level of aftereffect generated. 
5. Length of interval cannot be the sole determinant of level of aftereffect 
generated. 
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TABLE I 
SUBJECT NO. 1; EXTENT SCORES, VARIABLE INTERVAL 
DAYS 
Number 
of turns 1 2 3 4 5 6 7 8 
5.82 1.00 7.87 1.00 1.00 1.00 1.00 1.00 
6.47 1.00 8.12 3.14 3.14 1.00 1.00 1.00 
7.07 1.00 7.87 1.00 4.23 1.00 1.00 1.00 
4.8 5.82 1.00 6.78 2.41 3.73 1.00 1.00 1.00 
6.12 1.00 6.47 6.16 1.00 1.00 1.00 l.OO 
5.47 1.00 9.05 6.16 1.00 2.41 1.00 1.00 
5.82 1.00 9.05 1.00 1.00 1.00 1.00 1.00 
5.47 1.00 6.16 3.14 1.00 1.00 1.00 1.00 
11.74 1.00 6.16 7.87 5.82 6.16 2.41 1.00 
12.24 1.00 6.16 5.82 5.47 4.68 1.00 6.47 
9.69 5.82 7.61 5.82 5.47 5.47 1.00 6.47 
8.4 9.27 6.78 9.27 2.41 1.00 4.23 1.00 6.78 
9.69 1.00 7.61 7.87 6.16 5.47 1.00 6.16 
10.48 4.68 6.78 6.47 5.09 5.47 3.14 7.07 
8.83 4.68 4.23 6.78 4.68 5.82 2.41 5.82 
6.78 6.47 5.82 5.09 1.00 4.23 3.14 4.68 
8.36 12.40 13.78 9.89 14.07 12.24 7.34 7.87 
13.78 11.57 10.67 10.09 13.03 11.57 5.82 13.78 
13.63 7.61 13.78 10.29 8.83 10.48 7.87 13.63 
12 9.69 10.29 13.78 11.40 4.68 10.48 6.78 11 .91 
9.69 12.57 13.78 11.74 10.48 10.09 5.09 11.04 
13.78 13.63 13.78 12.88 9.89 6.78 6.78 13.63 
13.78 12.88 13.78 12 .57 7.34 8.12 7.61 12.40 
13.63 12.24 12.40 11.40 7.07 7.61 6.78 12.72 
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TABLE II 
SUBJECT NO. 1: DURATION SCORES, CONSTANT INTERVAL 
DAYS 
Number 
of turns 1 2 3 4 5 6 7 8 
8.12 1.00 7.61 7.34 6.47 8.36 7.07 1.00 
8.12 1.00 8.83 6.78 7.61 5.47 6.47 1.00 
8.36 1.00 8.36 7.61 6.78 1.00 6.16 1.00 
4.8 8.60 7.07 8.12 1.00 7.61 5.09 5.47 1.00 
8.83 1.00 7.87 9.05 6.16 1.00 7.07 1.00 
9.69 1.00 7.87 8.36 7.61 4.68 6.47 1.00 
8.83 1.00 7.34 7.61 6.47 5.47 6.16 1.00 
9.49 1.00 8.36 1.00 6.47 1.00 6.16 1.00 
10.48 8.12 9.05 8.12 10.29 7.87 7.07 9.05 
8.36 9.05 8.60 8.60 9.69 9.48 8.12 8.83 
9.69 6.47 7.61 8.12 9.89 9.27 7.87 8.36 
8.4 9.48 8.60 8.12 7.34 9.27 9.05 7.07 8.36 
8.60 8.36 7. 61 11.04 8.83 1.00 7.87 8.83 
9.89 9.48 7.07 9.27 8.83 1.00 7.34 9.05 
9.89 8.60 7.87 10.48 9.48 7.87 7.87 8.83 
9.05 8.83 8.36 8.83 8.60 8.3 6 5.82 7.34 
11.40 9.48 10.67 1.00 9.68 9.89 8.60 9.89 
11.22 9.48 10.48 11.91 11.91 12.24 9.48 9.69 
11.04 10.67 11.22 12.57 11.57 11.04 10.48 10.86 
12 10.48 11.40 10.48 11.57 10.67 10.09 9.27 9.48 
10.86 9.27 10.86 8.60 11.57 9.48 10.29 11.04 
9.48 9.48 12.24 11.74 13.34 9.27 8.60 10.67 
11.04 8.36 10.86 12.08 11.04 13.49 9.27 11.04 
11.91 8.83 10.48 12.24 10.48 11.57 9.27 10.29 
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TABLE III 
SUBJECT NO. 1: DURATION SCORES, VARIABLE INTERVAL 
DAYS 
Number 
of turns l 2 3 4 5 6 7 8 
8.12 1.00 7.61 1.00 1.00 1.00 6.16 1.00 
6.47 1.00 8.12 6.78 6.16 1.00 6.47 4.68 
8.36 1.00 7.61 1.00 7.87 5.09 1.00 1.00 
4.8 7.34 1.00 7.61 5.82 6.78 6.47 5.82 5.82 
7.87 1.00 7.34 8.83 1.00 1.00 1.00 1.00 
7.07 1.00 8.60 7. 61 1.00 5.09 1.00 4.68 
9.48 1.00 7.87 1.00 1.00 1.00 1.00 1.00 
8.12 1.00 6.78 7.61 1.00 1.00 1.00 5.09 
10.67 1.00 7.87 12.40 8.83 10.48 8.36 1.00 
9.89 1.00 7.87 7.34 8.12 10.67 1.00 8.83 
8.83 8.12 7.34 7.34 7.61 8.83 6.47 8.12 
8.4 9.69 7.87 9.27 6.78 1.00 7.61 5.82 9.48 
9.05 1.00 8.83 8.60 8.83 8.60 1.00 9.05 
10.48 6.47 8.36 9.05 7.61 8.36 7.07 8.12 
10.67 7.07 7.07 8.60 8.36 9.05 6.16 10.67 
7.87 7.34 8.12 9.48 1.00 7.87 5.82 9.89 
10.48 10.67 10.86 10.09 12.57 11.40 9.69 8.60 
11.04 11.40 10.48 10.09 13.34 10.29 9.05 11.22 
10.48 9.89 10.86 10.29 11.04 10.48 9.27 10.67 
12 9.05 9.69 10.67 11.04 10.29 9.69 9.89 11.22 
10.09 10.67 12.40 10.86 11.40 12.24 9.27 11.40 
14.07 10.67 11. 91 12.08 10.67 9.69 9.89 10.86 
11.57 9.48 11.40 10.09 10.67 10.86 10.48 11.22 
12.40 9.89 10.48 9.89 8.83 11.57 11.04 10.67 
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TABLE IV 
SUBJECT NO.1: EXTENT SCORES, CONSTANT INTERVAL 
DAYS 
Number 
of turns 1 2 3 4 5 6 7 8 
6.78 1.00 9.69 4.23 5.09 2.41 2.41 1.00 
8.60 1.00 11.22 5.09 4.68 1.00 2.41 1.00 
7.34 1.00 8.83 6.1 6 5.09 1.00 2.41 1.00 
4.8 6.47 5.09 7.87 1.00 5.82 1.00 1.00 1.00 
8.12 1.00 8.60 5.82 5.09 1.00 1.00 1.00 
7.87 1.00 9.27 5.09 5.82 1.00 1.00 1.00 
8.12 1.00 9.69 5.09 5.82 2.41 1.00 1.00 
7.07 1.00 7.34 1.00 4.68 1.00 1.00 1.00 
12.40 5.47 8.12 6. 47 5.47 5.09 3.73 7.87 
9.05 5.82 7.61 7.07 7.61 6.47 4.68 7.07 
10.48 5.82 6.47 6.47 7.07 6.16 4.23 6.16 
8.4 9.89 5.47 5.82 5.82 6.78 5.82 4.23 5.47 
8.12 10.67 6.47 9.27 7.07 1.00 4.23 8 . 12 
8.83 9.48 7.07 7.87 6.78 1.00 5.82 7.87 
10.09 10.09 9.48 6.78 6.47 4. 68 5.47 6.47 
7.87 8.36 7.61 6.16 6.16 5.09 3.14 5.82 
13.92 11.22 13.78 1.00 14.07 12.40 5.82 9.27 
13.92 12.40 13.78 13.92 14.07 13.92 9.27 13.78 
13.78 12.24 13.78 13.78 14.07 10.29 7.07 12.57 
12 13.78 12.57 13.78 13.78 9.89 9.48 7.61 10.67 
12.24 13.63 13.63 10.29 12.72 8.12 8.83 9.27 
12.57 12.88 13.63 10.67 13.92 11.22 5.09 13.19 
13.78 8.36 13.63 13.78 13.78 13.03 6.47 11.57 
13.19 8.36 13.78 10.86 12.72 11.57 5.09 11.22 
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TABLE V 
SUBJECT NO. 2: DURATION SCORES, CONSTANT INTERVAL 
DAYS 
Number 
of turns 1. 2 3 4 5 6 7 ]. 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
4.8 4.23 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
4.68 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
5.47 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
5.82 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
5.82 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
6.47 5.47 6.47 5.47 1.00 1.00 1.00 1.00 
8.12 6.47 7.07 5.82 1.00 1.00 1.00 1.00 
8.36 6.78 5.82 6.47 6.78 1.00 1.00 1.00 
8 . 4 8.60 7.34 1.00 7.07 6.47 1.00 1.00 5.82 
6.47 6.78 6.16 7.07 6.47 1.00 1.00 6.78 
6.78 6.78 6.16 7.61 6.16 1.00 1.00 7.07 
7.61 7.07 6.78 9.27 5.82 1.00 1.00 6.78 
7.87 6.78 6.78 9.69 6.78 8.12 1.00 9.27 
8.36 7.07 7.61 6.16 1.00 7.87 6.47 1.00 
8.36 9.89 7.87 7.07 1.00 6.78 8.36 1.00 
8.12 7.87 8.83 7.34 1.00 7.07 6.78 1.00 
12 10.48 8.60 7.34 5.09 6.16 7.87 7.07 1.00 
7.87 7.61 9.05 8.36 6.47 9.69 7.87 5.82 
7.87 8.60 8.60 7.34 5.47 8 . 12 7.87 6.47 
10.29 8.83 9.69 9.05 7.34 9.69 7.87 6.47 
9.05 9.05 10.29 7.87 8.12 9.89 10.09 7.07 
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TABLE VI 
SUBJECT NO. 2: DURATION SCORES, VARIABLE INTERVAL 
DAYS 
Number 
of turns 1.. 2 3 4 5 6 7 8 
1.00 1.00 1.00 1.00 1.00 1 • .00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
4.8 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
5.09 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
5.47 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
6.16 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
5.09 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
6.78 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
6.78 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
6.47 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
8.4 6.47 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
6.47 5.47 1.00 1.00 1.00 1.00 1.00 1.00 
7.07 6.47 1.00 1.00 1.00 1.00 1.00 1.00 
7.87 6.47 1.00 5.47 6.78 1.00 1.00 1.00 
7.07 6.78 1.00 5.82 7.34 1.00 1.00 1.00 
7.07 6.16 1.00 1.00 1.00 1.00 1.00 1.00 
7.34 7.07 6.78 1.00 1.00 1.00 1.00 1.00 
7.07 7.07 6.78 1.00 1.00 1.00 1.00 1.00 
12 7.61 6.47 7.07 1.00 1.00 1.00 1.00 1.00 
7.07 5.82 6.49 1.00 1.00 1.00 7.07 1.00 
7.61 7.07 7.34 1.00 1.00 1.00 7.87 1.00 
8.60 6.47 7.61 6.78 1.00 1.00 9.69 1.00 
6.47 6.78 7.61 7.07 6.47 6.47 9.48 1.00 
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TABLE VII 
SUBJECT NO.2: EXTENT SCORES, CONSTANT INTERVAL 
DAYS 
Number 
of turns 
.!. 2 3 4 5 6 7 8 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
4.8 3.14 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
4.23 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
4.68 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
4.68 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
5.47 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
11.22 6.16 5.82 4.23 1.00 1.00 1.00 1.00 
12.08 6.16 6.16 5.09 1.00 1.00 1.00 1.00 
11.57 6.16 5.47 5.09 4;23 1.00 1.00 1.00 
8.4 10.48 7.07 1.00 5.47 4.23 1.00 1.00 5.47 
9.05 7.07 5.82 6.47 4.23 1.00 1.00 6.16 
8.60 8.12 5.82 6.78 4.23 1.00 1.00 6.16 
8.83 8.12 6.47 8.12 4.68 1.00 1.00 6.47 
9.69 9.05 6.78 6.47 5.09 4.68 1.00 7.61 
12.72 13.19 8.83 4.68 1.00 5.47 5.82 1.00 
13.78 13.63 9. 69 5.47 1.00 5.47 6.78 1.00 
13.78 13.78 8.83 6.16 1.00 6.78 6.16 1.00 
12 13.78 12.72 7.34 3.73 4.23 6.47 6.47 1.00 
13.03 14.07 10.86 6.16 4.68 7.34 7.87 5.09 
13.19 13.92 13.03 6.16 4.23 7.07 8.36 5.47 
13.63 14.07 13.34 4.68 4.68 7.07 8.36 5.82 
13.78 12.40 13.78 6.78 6.78 6.16 10.67 6.47 
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TABLE VIII 
SUBJECT NO. 2: EXTENT SCORES, VARIABLE INTERVAL 
DAYS 
Number 
of turns 
.l 2 3 4 5 6 7 8 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
4.8 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
4.68 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
4.68 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
5.09 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
5.82 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
8.12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
7.87 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
7.61 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
8.4 7.34 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
7.87 5.09 1.00 1.00 1.00 1.00 1.00 1.00 
8.12 5.47 1.00 1.00 1.00 1.00 1.00 1.00 
8.83 6.16 1.00 3.14 4.68 1.00 1.00 1.00 
7.34 6.16 1.00 4.23 4.68 1.00 1.00 1.00 
8.60 9.27 1.00 1.00 1.00 1.00 1.00 1.00 
9.05 9.89 5.82 1.00 1.00 1.00 1.00 1.00 
8.83 10.67 6.16 1.00 1.00 1.00 1.00 1.00 
12 9.48 9.89 6.78 1.00 1.00 1.00 1.00 1.00 
10.09 8.83 6.47 1.00 1.00 1.00 5.82 1.00 
11.04 10.09 7.34 1.00 1.00 1.00 5.82 1.00 
11.22 10.09 7.34 4.68 1.00 1.00 6.78 1.00 
8.60 10.29 6.47 4.68 4.23 5.09 6.78 1.00 
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APPENDIX B 
Source of 
Variance 
Turns 
Days 
TxD 
Within 
Total 
TABLE IX 
SUBJECT # 1: ANALYSIS OF VARIANCE 
CONSTANT INTERVAL 
EXTENT 
Sum of df Mean 
Squares Square 
18964 2 9480 
7072 7 1010 
2596 14 185 
4255 168 25.3 
32888 191 
68 
F p 
374 < .01 
39 <.. . 0 l 
7.33 < .01 
Source of 
Variance 
Turns 
Days 
TxD 
Within 
Total 
TABLE X 
SUBJECT # 1: ANALYSIS OF VARIANCE 
VARIABLE INTERVAL 
EXTENT 
Sum of df Mean 
Squares Square 
20849 2 10425 
7125 7 1017 
2001 14 143 
4411 168 26.3 
34388 191 
69 
F p 
396 .( . 01 
38 <( • 01 
5.44 < .01 
Source of 
Variance 
Turns 
Days 
TxD 
Within 
Total 
TABLE XI 
SUBJECT # 1: ANALYSIS OF VARIANCE 
CONSTANT INTERVAL 
DURATION 
Sum of df Mean 
Squares Square 
8364 2 4182 
2378 7 340 
28 94 14 206 
4371 168 26.0 
18009 191 
70 
F p 
160 <. 01 
13 < .01 
7.92 ( .01 
Source of 
Variance 
Turns 
Days 
TxD 
Within 
Total 
TABLE XII 
SUBJECT# 1: ANALYSIS OF VARIANCE 
VARIABLE INTERVAL 
DURATION 
Sum of df Mean 
Squares Square 
13607 2 6803 
3273 7 467 
1974 14 140 
6494 168 38.6 
25349 191 
71 
F p 
17 6 ( . 01 
12 ( .01 
3.64 ( . 01 
Source of 
Variance 
Turns 
Days 
Tx D 
Within 
Total 
TABLE XIII 
SUBJECT# 2: ANALYSIS OF VARIANCE 
CONSTANT INTERVAL 
EXTENT 
Sum of df Mean 
Squares Square 
14513 2 7260 
9177 7 1310 
5721 14 408 
3200 168 19.0 
32611 191 
72 
F p 
381 <. 0 l 
68 < . 0 l 
21 <. 0 l 
Source of 
Variance 
Turns 
Days 
TxD 
Within 
Total 
TABLE XIV 
SUBJECT# 2: ANALYSIS OF VARIANCE 
VARIABLE INTERVAL 
EXTENT 
Sum of df Mean 
Squares Square 
3179 2 1590 
7249 7 1034 
3817 14 272 
2537 168 15.1 
16783 191 
73 
F p 
104 < . 01 
68 < .01 
18 <. 01 
Source of 
Variance 
Turns 
Days 
TxD 
Within 
Total 
TABLE XV 
SUBJECT# 2: ANALYSIS OF VARIANCE 
CONSTANT INTERVAL 
DURATION 
Sum of df Mean 
Squares Square 
11293 2 5646 
2644 7 377 
3265 14 232 
4287 168 25.5 
21491 191 
74 
F p 
217 < .01 
14 < . 0 l 
9.10 < .01 
Source of 
Variance 
Turns 
Days 
TxD 
Within 
Total 
TABLE XVI 
SUBJECT# 2: ANALYSIS OF VARIANCE 
VARIABLE INTERVAL 
DURATION 
Sum of df Mean 
Squares Square 
2375 2 1187 
4208 7 600 
2188 14 155.6 
4478 168 26.6 
13250 191 
75 
F p 
44 < . 01 
22 <.01 
5.85 < .01 
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APPENDIX C 
77 
TABLE XVII 
SUBJECT NO. 1 -EXTENT 
Source of 
Variance Sum of Squares df Mean Square F p 
Curve 1,061 1 l, 061. 41. < . 01 
Days 13,502 7 l, 930 . 74 . < .0 1 
Turns 39,76 6 2 19,883. 770. < . 01 
CxD 696 7 99. 3.84 < .01 
' 
c X T 46 2 23. 0.899 :N.S. 
D X T 3,784 14 270. 10. < . 01 
CxDxT 813 14 58.1 2.25 < .01 
Within 8,666 336 25.8 
Total 68,33 9 38 3 
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TABLE XVIII 
SUBJECT NO. 1 - DURATION 
Source of 
Variance Sum of Squares df Mean Square F p 
Curve 345 1 345. 10. < .01 
Days 4,777 7 683. 21. < .01 
Turns 21,612 2 10,806. 334. < .01 
CxD 874 7 125. 3.87 < . 01 
CxT 359 2 179. 5.55 < . 01 
DxT 3,832 14 274 . 8.49 < .01 
CxDxT 1,036 14 74.0 2.29 < .01 
Within 10,865 336 32 . 3 
Total 43,704 383 
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TABLE XIX 
SUBJECT NO. 2 - EXTENT 
Source of 
Variance Sum of Squares df Mean Square F p 
Curve 4,094 1 4,094. 240. < .01 
Days 16,084 7 2,300. 134. < .01 
Turns 15,485 2 7,742. 455. < . 01 
CxD 342 7 49. 2.88 < .01 
c X T 2,207 2 1,103. 64. < .01 
DxT 8,757 14 625. 36. < .01 
CxDxT 780 14 55.8 3 .27 < .01 
Within 5,738 336 17.0 
Total 53,490 383 
80 
TABLE XX 
SUBJECT NO. 2 - DURATION 
Source of 
Variance Sum of Squares df Mean Square F p 
Curve 3,688 l 3,688. 141. < .01 
Days 6,291 7 899. 34. < .01 
Turns ll, 859 2 5,929. 227. < .01 
CxD 561 7 80. 3.08 < .01 
CxT 1,809 2 904. 34. < .01 
DxT 4,120 14 294. ll. < .01 
CxDxT l, 332 14 95.3 3.65 < .01 
Within 8,766 336 26.1 
Total 38,429 383 
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APPENDIX D 
Variable Interval 
Subject No. 1 
Subject No. 2 
Constant Interval 
Subject No. 1 
Subject No. 2 
TABLE XXI 
MEAN SCORES 
DURATION 
4.8 
4.17 
1.27 
5.36 
1.32 
Turns 
8.4 
7.51 
2.39 
8.36 
5.01 
12 
10.69 
3.98 
10.45 
7.20 
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Variable Interval 
Subject No. 1 
Subject No. 2 
Constant Interval 
Subject No. 1 
Subject No. 2 
TABLE XXII 
MEAN SCORES 
EXTENT 
4.8 
2.85 
l. 25 
3.93 
1.26 
Turns 
8.4 
5.43 
2.35 
6.74 
4 .90 
12 
10.77 
4.36 
11.54 
7.99 
83 
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APPENDIX E 

86 
APPENDIX F 
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APPENDIX G 
12 
I I 
10 
8 
6 
5 
4 
3 
2 
I 
SUBJ. 1- CONSTANT INTERVAL e 
SUBJ. 1- VARIABLE INTERVAL • 
SUBJ.2-CONSTANT INTERVAL 0 
SUBJ. 2- VARIABLE INTERVAL C 
o~--~--~--~--~--~--~--~~~: I 2 3 4 56 7 8 
DAYS 
z 
0 
-
1-
<( 
0:: 
::::> 
0 
12 SUBJ. 1- CONSTANT INTERVAL • 
SUBJ. 1- VARIABLE INTERVAL • 
II SUBJ, 2- CONSTANT INTERVAL 0 
SUBJ. 2- VARIABLE INTERVAL 0 
10 
9 
8 
7 
o~~~--~2~~3~~4--~5~-sL--L?--Ls 
DAYS 
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APPENDIX H 
95 
TABLE XXIII 
DAY MEANS 
EXTENT 
Days 
Variable Interval 1 2 3 4 5 6 7 8 
Subject No. 1 9.29 5.52 5.19 6.76 5.25 5.34 3.21 6.22 
Subject No. 2 6.84 4.74 2,64 1.53 1.44 1.17 1.88 1.00 
Constant Interval 
Subject No. 1 10.17 6.87 10.03 7.39 8.36 5,67 4.29 6.43 
Subject No. 2 8.93 7.23 5.71 4.14 2.67 2.97 3.18 2.90 
Variable Interval 
Subject No. 1 
Subject No. 2 
Constant Interval 
Subj ect No. 1 
Subject No. 2 
TABLE X.XN 
DAY MEANS 
DURATION 
Days 
1 2 3 4 5 6 7 8 
9.54 5.42 8.97 8.06 6. 91 7.47 5.98 7.30 
5 . 81 3.75 2.77 1.88 1.73 1.22 2.25 1.00 
9.7 0 6 .60 8.99 8.42 9.18 7.21 7.72 6.65 
6.65 5.37 5 .1 4 5. 19 3.54 3.75 3.26 3.18 
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APPENDIX I 
Days 
l 
2 
3 
4 
5 
6 
7 
8 
TABLE XXV 
SUBJECT NO. l: DAILY MEAN EXTENT 
CONSTANT INTERVAL 
Turns 
4.8 8.4 12 
7.54 9.59 13.39 
l. 51 7.64 11.45 
9.06 7.33 13.72 
4.18 6.98 11.01 
5.26 6.67 13.15 
1.35 4.41 ll. 25 
1.52 4.44 6.90 
1.00 6.85 11.44 
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TABLE XXVI 
SUBJECT NO. 1: DAILY MEAN EXTENT 
VARIABLE INTERVAL 
Turns 
Days 4.8 8.4 12 
1 6.00 9.84 12.04 
2 1.00 3.92 11.64 
3 7.67 6.7 0 13.21 
4 3.00 6.01 11.28 
5 2.01 4.33 9.42 
6 1.17 5.19 9.67 
7 1.00 1.88 6.75 
8 1.00 5.55 12.12 
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TABLE XXVII 
SUBJECT NO. 1: DAILY MEAN DURATION 
CONSTANT INTERVAL 
Turns 
Days 4.8 8.4 12 
1 8.75 9.43 10.92 
2 1. 75 8.43 9. 62 
3 8.04 8.03 10.91 
4 6.09 8.97 10.21 
5 6.89 9.36 11.28 
6 4.00 6.73 10.88 
7 6.37 7.37 9.40 
8 1.00 8.58 10.37 
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TABLE XXVIII 
SUBJECT NO. 1: DAILY MEAN DURATION 
VARIABLE INTERVAL 
Turns 
Days 4.8 8.4 12 
1 7.85 9.64 ll .14 
2 1.00 4.98 10.29 
3 7.69 8.09 11.13 
4 4.95 8.69 10.55 
5 3.22 6.42 11.10 
6 2.70 8.93 10.77 
7 2.93 5 .2 1 9.82 
8 3.03 8.14 10.73 
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TABLE XXIX 
SUBJECT NO. 2: DAILY MEAN EXTENT 
CONSTANT INTERVAL 
Turns 
Days 4.8 8 . 4 12 
1 3.15 10.19 13. 46 
2 1.00 7.23 13.47 
3 1.00 5.41 10.7 1 
4 1. 00 5.96 5.47 
5 1.00 3.58 3.45 
6 1.00 1.46 6.47 
7 1.00 1.00 7.56 
8 1.00 4.35 3.35 
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TABLE XXX 
SUBJECT NO. 2: DAILY MEAN EXTENT 
VARIABLE INTERVAL 
Turns 
Days 4.8 8.4 12 
1 3.03 7.88 9.61 
2 1.00 3.36 9.87 
3 1.00 1.00 5.92 
4 1.00 1. 67 1.92 
5 1.00 1.92 1.40 
6 1.00 1.00 1. 51 
7 1.00 1.00 3.65 
8 1.00 1.00 1. 00 
104 
TABLE XXXI 
SUBJECT NO. 2: DAILY MEAN DURATION 
CONSTANT INTERVAL 
Turns 
Days 4 . 8 8.4 12 
l 3.62 7.53 8.80 
2 1.00 6.68 8.44 
3 1.00 5.78 8.66 
4 1.00 7.30 7.28 
5 1.00 5.06 4.57 
6 1.00 1.89 8.37 
7 l. 00 1.00 7.79 
8 l. 00 4 . 84 3.72 
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TABLE XXXII 
SUBJECT NO. 2: DAILY MEAN DURATION 
VARIABLE INTERVAL 
Turns 
Days 4.8 8.4 12 
1 3.22 6.87 7.35 
2 l.OO 3.64 6 . 61 
3 1.00 l.OO 6.33 
4 1.00 2.16 2.48 
5 1.00 2.51 1.68 
6 l.OO 1.00 l. 68 
7 1.00 l.OO 4 .76 
8 1.00 1.00 1.00 
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The purpose of this study was (l) to test whether or not a theoretical 
model is capable of handling the data generated by this experiment, and, 
more broadly, whether the present mode l is tenable; (2) to narrow down the 
several possible interpretations of a previous study of the effect of speed of 
rotation upon aftereffect. The viewing of a rotating spiral gives rise to an 
aftereffect of motion. 
The model used herein took as its starting point the fact that one 
retinal element is stimulated before some other nearby retinal element dur-
ing the inspection period in movement aftereffect studies. By means of 
transforming this difference in time of stimulation into a difference in amount 
of excitation in two different firing elements, the model generated a number 
of predictions which are in accord with the experimental data in the litera-
ture. 
The model was then applied to the problem of the present study. 
The model predicted that holding the (time) interval between stimulations 
constant would produce constant aftereffect, and that varying the length of 
the interval would produce variations in aftereffect. 
In order to vary the interval, while holding speed of rotation con-
stant, the number of turns was varied. In order to hold the interval constant, 
the experimenter so regulated the independent variables of speed of rotation 
and number of turns, that a change in one precisely counterbalanced, or held 
constant, the interval variable, while speed of rotation varied. The depend-
ent variables were magnitude and duration of the aftereffect. 
A population of responses was sampled from two male employees of 
a Veterans Administration Hospital. Each spiral was rotated at two speeds: 
a constant speed in order to vary the interval across the different spirals, 
and a variable speed in order to hold the interval constant across spirals. 
The sequence of presentation of the various levels of the independent vari-
able of number of turns was determined by a randomly selected four by four 
Latin Square. Sixteen trials were run per spiral per day. This process was 
replicated over eight days. The timing of each period follows: rest: ten 
seconds; inspection: thirty seconds; test: variable. 
Eight analyses of variance, all identical in form, were performed 
during the main analysis of the data. Each analysis had two factors (turns 
and days). 
A number of general statements can be made about the data. Each of 
the following descriptions of the data applies for both subjects, for both 
duration and extent measures, and for both constant and variable interval 
curves. Each of the eight curves of the data is of the approximate form: 
y = ax + b; with a > o. 
Since each of the curves is significantly non-horizontal, the null 
hypothesis was rejected for each. Therefore the prediction that invariant 
length of interval will produce invariant aftereffect is clearly refuted. 
The conclusions follow: 
1. The extent of aftereffect is a monotonically increasing function of 
number of turns . 
2. Duration of aftereffect is a monotonically increasing function of 
number of turns . 
3. The present theoretical model is refuted. 
4. Frequency (of stimulation of individual retinal elements) cannot be 
the sole determinant of level of aftereffect generated. 
5. Length of interval cannot be the sole determinant of level of after-
effect generated. 
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